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(57) ABSTRACT

An X-ray calibration dummy (RP) having markings (4) that
may be acquired by a position-acquisition system (30). The
invention also concerns a method for nonmarker-based
registration for use in navigation-guided operations employ-
ing the X-ray calibration dummy (RP). A medical system for
carrying out the method has a C-shaped X-ray machine (10),
a position-acquisition system, 30, and the X-ray calibration
dummy (RP).
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X-RAY CALIBRATION DUMMY, A METHOD
FOR NON-MARKER-BASED REGISTRATION
FOR USE IN NAVIGATION-GUIDED
OPERATIONS EMPLOYING SAID X-RAY
CALIBRATION DUMMY, AND A MEDICAL
SYSTEM HAVING SUCH AN X-RAY
CALIBRATION DUMMY

An X-ray calibration dummy, a method for non-marker-
based registration for use in navigation-guided operations
employing said X-ray calibration dummy, and a medical
system having such an X-ray calibration dummy.

BACKGROUND OF THE INVENTION

The invention concerns an X-ray calibration dummy
having markings. The 1invention also concerns a method for
non-marker-based registration for use 1n navigation-guided
operations employing said X-ray calibration dummy, and a
medical system having such an X-ray calibration dummy.

Navigation, which 1s defined as guiding a medical mstru-
ment relative to a living being or relative to that portion of
the tissues of said living being receiving treatment with the
aid of optical 1maging mmformation, where an 1mage of the
instrument 1s 1nserted into, for example, a 2D-1mage or
3D-1mage of the living being involved obtained using an
X-ray machine, 1s increasingly being used to support medi-
cal procedures on living beings. This approach allows an
operator to guide an instrument that has at least partially
penectrated the living beimng and whose tip 1s no longer
directly visible due to, for example, its having penetrated
bodily tissues, based on 1maging information relating to that
portion of the tissues of the living being that 1s to be treated,
without running the risk of 1nadvertently injuring the living,
being.

In order to make such navigation-guided operations
possible, 1.e., 1n order to be able to insert an accurately
positioned and accurately oriented 1image of the 1nstrument
into 1maging information on a living being, a mathematical
relation 1n the form of a coordinate transformation between
a coordinate system of the imaging information on the living
being or a coordinate system of the reconstructed volume of
the living being and a coordinate system used for stating the
positions of the instrument to be navigated will have be
generated. To this end, artificial markings are occasionally
arranged on the living being or anatomical markings, ¢.g.,
prominent bone structures, are established. In this case, the
anatomical or artificial markings must be clearly visible on
X-ray 1mages of the living being and readily accessible on
the living being. The artificial markings are, e.g., attached to
the surface of the skin of the living being, 1n order to allow
what 1s known as their registration, which 1s defined as
determining the rule for transforming the spatial coordinates
defined for the coordinate system used for stating the
positions of the instrument to be navigated 1nto those of the
coordinate system of the imaging information on the living
being or the reconstructed volume of the living being to be
employed for the navigation. The markings will usually have
to be individually accessed by the mnstrument if the coordi-
nate transformation between the pair of coordinate systems
1s to be determined. The markings are also rigidly attached
to the living being’s body in cases where high-precision
medical procedures are involved. Examples that may be
mentioned include attaching a stereotactile framework to a
patient’s head or attaching markings to patients’ bones or
spinal column. In some cases, the markings are attached in
a separate operation, since they have to be attached prior to
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the preoperative medical 1maging that 1s frequently
employed for navigation purposes.

Attachment and registration of the markings i1s thus a
rather unpleasant procedure for patients, and also relatively
time-consuming for operators mvolved 1n handling prepa-
rations for navigation-guided operations.

SUMMARY OF THE INVENTION

The 1nvention thus addresses the problem of creating the
prerequisites for a simplified determination of the transfor-
mation rule applying to navigation of an instrument, par-
ticularly one that employs volumnar data. Other problems
that the present invention addresses are those of stating a
simplified method for determining the transformation rule
without employing markers and of stating a medical system
for conducting the method.

The mvention solves the first problem by employing an
X-ray calibration dummy that has markings that may be
acquired by a position-acquisition system as a means of
non-marker-based registration when performing navigation-
cuided operations on an object. Applying such markings to
an X-ray calibration dummy creates the prerequisites for
determining a transformation relationship between a coor-
dinate system assigned to the X-ray calibration dummy and
a coordinate system assigned to an X-ray system for gen-
erating the 1maging to be employed for navigation purposes
with the aid of a position-acquisition system under an offline
procedure, for which purpose markings that may be acquired
by the position-acquisition system have also been applied to
the X-ray system. The X-ray calibration dummy 1s arranged
relative to the X-ray system such that the position and
orientation of the coordinate system of the X-ray calibration
dummy at least largely coincide with those of the coordinate
system of a volume to be reconstructed of a first object
employing the X-ray system, or whose position and orien-
tation relative to the coordinate system of the volume to be
reconstructed are known. This implies that 1if the X-ray
calibration dummy has been removed and, 1n general, the
positions of the X-ray system and the position-acquisition
system relative to one another have been altered 1n conjunc-
tion with the conduct of measurements on an object 1n
comparison to their positions under the offline procedure, the
relationship for transforming the coordinate system of the
volume to be constructed into a coordinate system of the
position-acquisition system may be determined by employ-
ing the relationship governing transformation between the
coordinate system of the X-ray system and the coordinate
system of the volume to be reconstructed and by acquiring
the new position of the X-ray system using the position-
acquisition system. If the position of a second object to be
navigated relative to the first object 1s then also determined
employing the position-acquisition system, then an 1mage of
the second object may be mserted 1nto a volume of the first
object, which volume has been reconstructed employing
measurements on the first object employing the X-ray
system, based on the relationship governing the transforma-
tions between the coordinate system of the position-
acquisition system and the coordinate system of the volume
to be reconstructed that has been determined. This implies
that the X-ray calibration dummy according to the invention
creates the prerequisites for simplifying determination of the
rule governing transformation for navigating a second object
relative to a first object, while avoiding registration mvolv-
Ing markers.

The X-ray calibration dummy of the invention also has
additional markings that will appear on X-ray images for
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determining offline the projection geometries of an X-ray
system that may be reproducibly rotated about an axis for the
purpose of reconstructing a volumnar record from a series of
2D-projections recorded at various projection angles using
the X-ray system. This implies that both the transformation
rules needed for navigation and the projection geometries
for an X-ray system, 1.¢., the positions of the X-ray source
and the X-ray detector, along with the projection angles and
orientations of said X-ray system for every 2D-projection of
a series of 2D-projections, knowledge of which 1s required
for reconstructing a volumnar record, may be simulta-
neously determined under an oftline procedure, 1.€., prior to
conducting any measurements on an object or a patient, with
the aid of the X-ray calibration dummy. This 1n turn 1mplies
that, assuming that a suitable X-ray machine 1s used, for
example, an X-ray machine configured 1n the form of a
C-shaped arc, 1t will create the prerequisites needed for
carrying out navigation based on volumnar data generated
intraoperatively, without the need for employing any regis-
trations based on markers.

The markings that may be acquired by a position-
acquisition system will be arranged within a first zone of the
X-ray calibration dummy and the markings that will appear
on X-ray images will be arranged within a second zone of
the X-ray calibration dummy that differs from the first zone
of the X-ray calibration dummy, such that the determination
of the transformation rules needed for the navigation will not
be adversely affected by the markings that will appear on
X-ray images and the determination of the projection geom-
etries will not be adversely affected by the markings that
may be acquired by the position-acquisition system.

According to one embodiment of the invention, the X-ray
calibration dummy has a cylindrical shape, the first zone
being one of the ends of the cylindrically shaped X-ray
calibration dummy and the second zone being the lateral
surface of same. According to one variant of the mnvention,
the markings that may be acquired by the position-
acquisition system are arranged on at last one marker plate
attached to the X-ray calibration dummy, which marker plate
1s usually part of the position-acquisition system.

Another variant of the invention provides for the mark-
ings on the X-ray calibration dummy that will appear on
X-ray 1images to be arranged 1n the form of a helix. Arrang-
ing the markings 1n the form of a helix has proven beneficial
in conjunction with determining the projection geometries in
the sense that only relatively few overlappings of the mark-
ings of the first zone occur on the 2D-projections for
determining the projection geometries.

An X-ray calibration dummy that has a helical arrange-
ment of markings that will appear on X-ray images for

determining projection geometries 1s also known from U.S.
Pat. No. 5,442,674.

The second problem addressed by the 1nvention 1s solved
by a method of non-marker-based registration for use in
navigation-guided operations employing a position-
acquisition system, an X-ray machine and an X-ray calibra-
fion dummy, the X-ray machine and the X-ray calibration
dummy being provided with markings that may be acquired
by the position-acquisition system, having the following
method steps:

a) orienting the X-ray machine and the X-ray calibration
dummy relative to one another such that a coordinate
system assigned to the X-ray calibration dummy at
least largely coincides with a coordinate system of a
volume to be reconstructed of a first object, where the
first object 1s to be X-rayed by the X-ray machine 1n a
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subsequent measurement on the first object, or such
that the positions of the coordinate systems relative to
one another 1s either known or may be determined 1n a
simple manner,

b) determining the position and orientation of the coor-
dinate system of the X-ray calibration dummy or of the
volume to be reconstructed and of a coordinate system
assigned to the X-ray machine with the position-
acquisition system, and

c) determining the transformation relationship between
the coordinate system of the X-ray machine and the
coordinate system of the X-ray calibration dummy or
the volume to be reconstructed.

As already mentioned above, if, in conjunction with
measurement on an object, the X-ray calibration dummy 1s
removed and the positions of the X-ray machine and the
position-acquisifion system relative to one another have
changed compared to their positions during the offline
procedure, the transformation relationship between the coor-
dinate system of the volume to be reconstructed or the
coordinate system of the reconstructed volume and a coor-
dinate system of the position-acquisition system may be
determined by employing the transformation relationship
between the coordinate system of the X-ray system and the
coordinate system of the volume reconstructed employing
the X-ray machine that has been determined and by acquir-
ing the new position of the X-ray system employing the
position-acquisition system.

If finally, according to one variant of the invention, the
position of a second object, €.g., an 1nstrument, to be
navigated relative to the first object 1s also acquired employ-
ing the position-acquisition system, the transformation rela-
tionship between the coordinate system of the position-
acquisifion system and the coordinate system of the volume
to be reconstructed that has been determined following
measurement on an object will allow an 1mage of the
instrument to be inserted into a volume that has been
reconstructed employing the X-ray machine.

One embodiment of the ivention provides for the first
object to be positioned on a positioning mechanism that 1s
provided with markings that may be acquired by the
position-acquisition system, the position of the positioning
mechanism being acquired employing the position-
acquisition system and a transformation relationship
between a coordinate system assigned to the positioning
mechanism and the coordinate system of the X-ray calibra-
fion dummy or the coordinate system of the volume to be
reconstructed 1s determined. This embodiment of the inven-
tion will be beneficial if the X-ray machine 1s removed from
the positioning mechanism during the navigation-guided
operation and there 1s the risk of the position of the position-
acquisition system changing relative to the reconstructed
volume due to, for example, an unintentional shift. In this
case, the positioning mechanism provided with the markings
will form a fixed point that may be employed for generating
a relation between the coordinate system of the position-
acquisition system and the coordinate system of the recon-
structed volume.

Another variant of the invention provides for the first
object to be provided with markings that may be acquired by
the position-acquisition system during the navigation-
ouided operation. This will be of benefit if there 1s the risk
of the position of the first object on the positioning mecha-
nism changing. There would then no longer be a fixed point
that would allow the determination of a transformation
relationship between the coordinate system of the position-
acquisition system and the coordinate system of the volume
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to be reconstructed or that has already been reconstructed
following removal of the X-ray machine from the position-
ing mechanism and a shift 1in the position of the position-
acquisition system. If, however, markings that may be
acquired by the position-acquisition system are arranged on
the first object 1itself, then a transformation relationship
between a coordinate system assigned to the first object and
the coordinate system of the volume to be reconstructed of
the first object may be determined. This implies that, by
determining the position of the first object, a transformation
relationship between the position-acquisition system and the
coordinate system of the volume to be reconstructed or that
has already been reconstructed may be determined based on
the transformation relationship between the coordinate sys-
tem of the first object and the coordinate system of the
volume to be reconstructed or that has already been recon-
structed of the first object that has been determined, even
following a change in the position of the first object.

One variant of the invention provides that, in addition to
the markings that may be acquired by the position-
acquisition system, the X-ray calibration dummy also has
markings that will appear on X-ray images, in order that the
projection geometries of the X-ray machine to be employed
for reconstructing a volumnar record of the first object from
recorded 2D-projections of the first object may be deter-
mined simultaneously with the determination of the trans-
formation relationships under the offline procedure. This
creates the prerequisites for carrying out navigation without
registration mmvolving markers, based on intra-operatively
generated volumnar data.

The third problem addressed by the invention 1s solved by
way of a medical system having a position-acquisition
system, an X-ray machine and an X-ray calibration dummy,
the X-ray machine and the X-ray calibration dummy being
provided with markings that may be acquired by the
position-acquisition system, 1t being possible for the X-ray
machine and the X-ray calibration dummy also to be ori-
ented relative to one another 1n a calibration procedure such
that a transformation relationship between a coordinate
system 1nscribed on the X-ray calibration dummy or a
coordinate system of a volume to be reconstructed of an
object to be subsequently X-rayed in conjunction with
measurements on the object employing the X-ray machine
and a coordinate system assigned to the X-ray machine may
be determined with the aid of the position-acquisition sys-
tem. Said medical system allows both determining of trans-
formation relationships as described above and navigating of
an object relative to a volume to be reconstructed.

One variant of the invention provides for the medical
system to also have a positioning mechanism that has
markings that may be acquired by the position-acquisition
system for positioning an object to be examined. As has also
been mentioned above, this approach makes it possible to
determine a transformation relationship between the coor-
dinate system of the reconstructed volume and the coordi-
nate system of the position-acquisition system in the event
that the X-ray machine 1s removed from the positioning
mechanism and the position-acquisition system 1s uninten-
tionally shifted, for example, during an operation on a
patient, if the transformation relationship between the coor-
dinate system of the positioning mechanism and the coor-
dinate system of the volume to be reconstructed has been
previously determined.

BRIEF DESCRIPTION OF THE DRAWINGS

An exemplary embodiment of the invention 1s illustrated
in the accompanying schematic drawings, 1n which:
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FIG. 1 shows an X-ray calibration dummy conforming to
the 1nvention,

FIG. 2 shows the use of the X-ray calibration dummy
from FIG. 1 for non-marker-based registration for use in
navigation-guided operations, and

FIG. 3 shows the navigation of an instrument relative to
a patient P.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 depicts an X-ray calibration dummy, RP, conform-
ing to the mvention that has a first zone 1 provided with
markings, 4, that may be acquired by a position-acquisition
system and a second zone 2 provided with markings, 3, that
will appear on X-ray 1mages.

In the case of the present exemplary embodiment, the
X-ray calibration dummy RP 1s configured in the form of a
cylinder, one of the ends of the cylinder forming the first
zone 1, provided with the markings 4 that may be acquired
by a position-acquisition system, and the lateral surface of
the cylinder forming the second region 2, provided with the
markings 3 that will appear on X-ray images.

Although the markings, 3, that will appear on X-ray
images that appear 1n the second zone, 2, are arranged 1n the
form of a helix, 1n the case of this exemplary embodiment,
the markings, 4, that may be acquired by a position-
acquisition system are arranged on a marker plate, 5,
attached to the end, 2. In the case of this exemplary
embodiment, the markings, 4, are optically detectable
markings, 4, preferably optically active elements, such as
light sources, which might also be infrared light sources,

where the marker plate, 5, 1s part of an optical position-
acquisifion system.

The X-ray calibration dummy, RP, depicted in FIG. 1 1s
intended for non-marker-based registration under an oftline
procedure for use 1n navigation-guided operations on an
object, 1n the case of this exemplary embodiment, on a
patient, P, shown in FIG. 3. Said navigation 1s to take place
using X-ray 1images supplied by an X-ray machine, prefer-
ably using a volumnar record supplied by an X-ray machine
coniigured 1n the form of a C-shaped arc. Another use of the
X-ray calibration dummy, RP, 1s offline determination of the
projection geometries of a reproducibly rotatable, motor-
driven X-ray system, for example, the X-ray system of the
X-ray system configured 1n the form of a C-shaped arc, for
the purpose of reconstructing a volumnar record of a portion
of the tissues of the patient, P, from 2D-projections of the
portion of the tissues recorded by the X-ray system that have
been obtained by rotating the C-shaped arc about its axis and
relative to the portion of the tissues.

In order that the offline determination of the projection
geometries, for which the markings, 3, that will appear on
X-ray 1mages have been employed, will not be adversely
alfected by the markings that may be acquired by a position-
acquisition system employed for the non-marker-based
registration, and vice versa, the markings, 3, that will appear
on X-ray images and the markings, 4, that may be acquired
by the position-acquisition system are arranged over two
spatially separated zones, 1 and 2, of the X-ray calibration
dummy, RP.

FIG. 2 depicts the use of the X-ray calibration dummy,
RP, for non-marker-based registration for use in navigation-
ouided operations employing, 1n the case of this exemplary
embodiment, a translatable X-ray machine, 10, configured in
the form of a C-shaped arc, and for determining the projec-
fion geometries of the ftranslatable X-ray machine, 10,
configured 1n the form of a C-shaped arc under an offline
procedure.
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Said X-ray machine, 10, which i1s known per se and
configured in the form of a C-shaped arc i1s having an
equipment cart, 12, having a lifting mechanism, 13, to which
a bearing part, 14, 1s attached. Mounted on the bearing part,
14, 1s a C-shaped arc, 17, equipped with an X-ray source, 15,
and an X-ray detector, 16, which, 1n the case of the exem-
plary embodiment shown here, can be adjusted 1socentri-
cally over 1ts circumierence by pivoting 1t about its orbital
axis, A, as indicated by the double-ended arrow, a. Said
C-shaped arc, 17, along with the bearing part 14, may also
be 1socentrically pivoted about its radial axis, B, in the
directions indicated by the double-ended arrow, b. All of the
motions of the X-ray system comprising the C-shaped arc,
17, the X-ray source, 15, and the X-ray detector, 16, are
reproducible.

FIG. 2 also depicts the optical position-acquisition
system, 30, mentioned above, which has a camera system
consisting of a pair of cameras, 31 and 32, that are also
capable of recording infrared signals, the marker plate, 5,
arranged on the X-ray calibration dummy, RP, 1n the case of
this exemplary embodiment, a marker plate, 33, arranged on
the bearing part, 14, of the C-shaped X-ray machine, 10, a
marker plate, 35, arranged on a patient-positioning
mechanmism, 18, a marker plate, 36, shown 1n FIG. 3,
arranged on a patient, P, and a position sensor, 34, shown 1n
FIG. 3, attached to a medical instrument, 40. The positions
and orientations of the marker plate, 5, and thus those of the
X-ray calibration dummy, RP, those of the marker plate, 35,
and thus those of the patient-positioning system, 18, those of
the marker plate, 36, and thus of the patient, P, those of the
position sensor, 34, and thus those of the instrument, 40, and
those of the marker plate, 33, and thus those of the bearing
part, 14, of the C-shaped X-ray machine, 10, may be
determined with the aid of the position-acquisition system,
30. In the case of this exemplary embodiment, each of the
respective marker plates involved and the position sensor all
bear the same optically detectable markings.

The computing equipment of the position-acquisition
system, 30, e¢.g., a commercially available computer, needed
for determining positions 1s constructed 1n a manner known
per se, and 1s thus 1 FIGS. 2 and 3 neither illustrated nor
explicitly described.

A navigation-guided operation on the patient, P, shown 1n
FIG. 3, m which an operator, not shown 1n FIG. 3, guides the
medical instrument, 40, equipped with the position sensor,
34, of the position-acquisition system, 30, relative to the
patient, P, based on, for example, a reconstructed volume of
a portion of the tissues of the patient, P, displayed on a
display device, 19, into which an 1mage of the instrument,
40, has been 1nserted may be performed with the aid of the
position-acquisition system, 30. The reconstructed volume
of the patient, P, for use 1n the navigation-guided operation
1s preferably obtained intraoperatively, that 1s, during con-
duct of the medical operation on the patient, P, using the
C-shaped X-ray machine, 10.

However, knowledge of the coordinate transformation
between the coordinate system, O, inscribed on the volume
of the patient, P, to be reconstructed or that has already been
reconstructed and the coordinate system employed for stat-
ing the coordinates of the instrument, 40, whose determi-
nation under an offline procedure 1s described below with
reference to FIG. 2, 1s required 1n order to be able to perform
a navigation-guided operation.

The coordinate system, O, 1s mscribed on the marker
plate, 33, mounted on the bearing part, 14, the coordinate
system, O, , 1s inscribed on the marker plate, 35, arranged on
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the patient-positioning mechanism, 18, the coordinate
system, O, 1s 1nscribed on the camera system of the
position-acquisition system, 30, and the coordinate system,
O, 1s 1nscribed on the X-ray calibration dummy, RP. Said
C-shaped X-ray machine, 10, and, in the case of this
exemplary embodiment, the X-ray calibration dummy, RP,
positioned on the patient-positioning mechanism, 18, are
oriented relative to one another such that the position and
orientation of the coordinate system, O, 1nscribed on the
X-ray calibration dummy, RP, at least largely coincide with
those of the coordinate system, O, of the volume to be
subsequently reconstructed 1n a patient measurement using
the C-shaped X-ray machine, 10, which, in the case of this
exemplary embodiment, will be a portion of the tissues of
the patient, P. Alternatively, the X-ray calibration dummy,
RP, may also only be oriented relative to the C-shaped X-ray
machine, 10, such that the positions of the pair of coordinate
systems relative to one another, that 1s, the position of the
coordinate system, O, of the X-ray calibration dummy, RP,
relative to that of the coordinate system, O, of the volume
to be reconstructed, are known. Since, 1n the case of this
exemplary embodiment, the C-shaped arc, 17, 1s 1socentri-
cally and reproducibly adjustable, the X-ray calibration
dummy, RP, as well as the patient, P, during subsequent
measurements to be performed on the latter, are preferably
oriented such that the origin of the coordinate system, O, of
the X-ray calibration dummy, RP, lies at the 1socenter, IZ, of
the C-shaped arc, 17, or such that, 1n the case of measure-
ments on patients, the origin of the coordinate system, Oy,
lies at the 1socenter, 1Z, of the C-shaped arc, 17, where the
1socenter, IZ, may be marked for identification using, for
example, laser beams, during the offline procedure.

Once the C-shaped X-ray machine, 10, and the X-ray
calibration dummy, RP, have been oriented relative to one
another, the position and orientation of the X-ray calibration
dummy, RP, equipped with the marker plate, §, and the
position and orientation of the bearing part, 14, equipped
with the marker plate, 33, are determined with the aid of the
position-acquisition system, 30, from which a transforma-
tion relationship between the coordinate system, O, of the
X-ray calibration dummy, RP, and thus the coordinate
system, O, of the volume to be subsequently reconstructed,
and the coordinate system, Op, of the C-shaped X-ray
machine, 10, 1s determined. In the case of measurements on
a patient, that 1s, subsequent to the offline procedure, 1.c.,
following removal of the X-ray calibration dummy, RP, and
readjustment of the camera system of the position-
acquisition system, 30, and the C-shaped X-ray machine, 10,
relative to one another, and following orientation of the
coordinate system, Oy, Inscribed on the volume to be
reconstructed of the patient, P, relative to the C-shaped
X-ray machine, 10, which corresponds to the orientation of
the coordinate system, O, under the oftfline procedure, said
determination will also make i1t possible to determine a
transformation relationship between the coordinate system,
O, of the volume to be reconstructed of the patient, P, and
the coordinate system, O, of the position-acquisition
system, 30, by acquiring the new position of the C-shaped
X-ray machine, 10, using the position-acquisition system,
30, and employing the previously determined transformation
relationship between the coordinate system, O, of the
C-shaped X-ray machine, 10, and the coordinate system, O,
of the X-ray calibration dummy, RP, or the coordinate
system, Oy, of the volume to be reconstructed. Finally, if the
position of the instrument, 40, within the coordinate system,
O, 1s determined with the aid of the position-acquisition
system, 30, then an image of the instrument, 40, may be
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inserted 1nto the volume to be reconstructed or that has
already been reconstructed, based on the known transfor-
mation relationship between the coordinate system, Og, of
the position-acquisition system and the coordinate system,
O, of the volume to be reconstructed.

The above makes 1t clear that the X-ray calibration
dummy, RP, according to the invention creates the prereq-
uisites for non-marker-based registration for use 1n
navigation-guided operations on an object.

The transformation relationship between the coordinate
system, Op, of the X-ray calibration dummy, RP, or the
coordinate system, Oy, of the volume to be reconstructed
and the coordinate system, O,, of the patient-positioning
mechanism, 18, may be determined using the position-
acquisition mechanism, 30, in a further process step con-
ducted under the offline procedure. Said transformation
relationship will then preferentially be employed only for
navigation purposes in cases where the C-shaped X-ray
machine, 10, has been removed from the patient-positioning
mechanism, 18, and thus from the patient, P, and the
position-acquisition system, 30, has been simultaneously
shifted relative to the patient, P. In order again to be able to
generate a transformation relationship between the volume
to be reconstructed or that has already been reconstructed
and the position-acquisition system, 30, in this case, the
position of the patient-positioning mechanism, 18, 1s deter-
mined using the position-acquisition system, 30, in order
that the transformation relationship between the coordinate
system, O, of the position-acquisition system, 30, and the
coordinate system, Oy, of the reconstructed volume may be
determined 1n a simple manner during an operation, based
on the transformation relationship between the coordinate
system, Op, of the X-ray calibration dummy, RP, or the
coordinate system, Oy, of the volume to be reconstructed
and the coordinate system, O,, of the patient-positioning
mechanism, 18, determined under the offline procedure.

Generating a transformation relationship of this type will
also be possible 1f a marker plate, 36, bearing markings that
may be acquired by the position-acquisition system, 30, 1s
attached to an uncritical location on the body of the patient,
P, that may be arranged outside that portion of tissue to be
treated. This will be beneficial if there 1s the risk that the
patient, P, may alter his/her position on the patient-
positioning mechanism, 18, in which case, no fixed point
that would allow determining a transformation relationship
between the coordinate system, O, of the position-
acquisition system, 30, and the coordinate system, Oy, of
the volume to be reconstructed or removal that has already
been reconstructed would exist any longer following
removal of the C-shaped X-ray machine, 10, from the
patient-positioning mechanism, 18, and shifting the position
of the camera system of the position-acquisition system, 30.
However, arranging the marker plate, 36, on the patient, P,
also makes this possible under these circumstances, since a
transformation relationship between a coordinate system,
O,, assigned to the marker plate, 36, and thus assigned to the
patient, P, and the coordinate system, O, of the volume to
be reconstructed of the patient, P, may be determined. It
follows from this that a transformation relationship between
the coordinate system, O, of the position-acquisition
system, 30, and the coordinate system, Oy, of the volume to
be reconstructed or that has already been reconstructed of
the patient P based on the transformation relationship that
has been determined between the coordinate system, O, of
the patient, P, and the coordinate system, Oy, of the volume
to be reconstructed or that has already been reconstructed of
the patient P may be determined by acquiring the position of
the patient, P, even following a change in the position of the

patient, P.

10

15

20

25

30

35

40

45

50

55

60

65

10

Determination of the projection geometries, knowledge of
these being a prerequisite for reconstruction a volume of the
patient, P, from a series of 2D-projections obtained using the
C-shaped X-ray machine, 10, also takes place in the offline
procedure, and more particularly based on the markings, 3,
of the X-ray calibration dummy, RP, that will appear on
X-ray 1mages. The determination 1s conducted in a manner
known per se.

Non-marker-based registration and determination of the
projection geometries also take place under an oftline
procedure, where the position of the X-ray calibration
dummy 1s not altered during the offline procedure.

Finally, the transformation rules determined under the
offline procedure and the projection geometries are stored 1n
a data-storage facility (not shown) for later use in, for
example, medical applications like that depicted 1n FIG. 3.

It follows from the above that a volumnar record of a
portion of tissue of the patient, P, who 1s schematically
depicted 1n FIG. 3 and positioned on the patient-positioning

mechanism, 18, may be obtained intraoperatively and dis-
played in the desired form on a display device, 19, using the
C-shaped X-ray machine, 10. The volumnar record 1s deter-
mined intraoperatively from a series of 2D-projections that
have been obtained, for example, by rotating the C-shaped
arc, 17, about 1ts orbital axis, A, making use of the projection
ceometries determined under the offline procedure. The
items of equipment needed for this purpose, 1n particular an
Image-processing computer, are constructed 1 a manner
known per se and are thus not shown 1n FIGS. 2 and 3 and
are not explicitly described.

With the aid of the transformation rules that have been
determined and the volumnar record that has been deter-
mined 1ntraoperatively, intraoperative navigation of the
instrument, 40, relative to that portion of tissue of the
patient, P, depicted in the volumnar record 1s thus possible.

The configuration of the X-ray calibration dummy, RP,
described above should moreover only be taken as an
example. Said X-ray calibration dummy thus need not have
a cylindrical shape. On the contrary, the X-ray calibration
dummy may also have any other suitable shape.

Said position-acquisition system need not be an optical
position-acquisition system that operates with optical waves.
On the contrary, position-acquisition systems that operate
with electromagnetic waves or acoustic waves are also
suitable. Electromagnetic position-acquisition systems are
equipped with devices for transmitting and for receiving
clectromagnetic waves. Similarly, acoustic position-
acquisition systems are equipped with acoustic wave trans-
mitters and acoustic wave receivers. Said transmitters of the
position-acquisition systems are preferably attachable to
those moving objects whose positions are to be determined,
while the receivers are permanently mounted in relation to
the transmitters. However, 1t 1s also possible to fixedly
arrange the receivers on the moving objects and to fixedly
arrange the transmitters 1n relation to the receivers.

What 1s claimed 1s:

1. An X-ray calibration dummy comprising:

first markings (3) that will appear on X-ray images for use
in determining projection geometries of an X-ray sys-
tem that may be rotated about an axis (A) used for
reconstructing a volumnar record; and

second markings (4) differing from the first markings (3)
and that may be acquired by a position-acquisition
system (30) for non-marker-based registration for use
in navigation guided operations on an object (P),

the second markings (4) being arranged within a first zone
(1) of the X-ray calibration dummy (RP) and the first
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markings (3) being arranged within a second zone (2)
of said X-ray calibration dummy that differs from the
first zone (1),

wherein said X-ray calibration dummy (RP) has a cylin-
drical shape, the first zone (1) being one of the ends of
the cylindrically shaped X-ray calibration dummy (RP)
and the second zone (2) being a lateral surface of the
cylindrically shaped X-ray calibration dummy.

2. The X-ray calibration dummy as claimed in claim 1, 1n
which the first markings (3) are arranged in the form of a
helix.

3. The X-ray calibration dummy as claimed in claim 1, 1n
which the second markings (4) are arranged on at least one
marker plate (§) attached to said one of the ends of the
cylindrically shaped X-ray calibration dummy (RP).

4. A method for non-marker-based registration for use in
navigation-guided operations employing a position-
acquisition system (30), an X-ray machine (10) and an X-ray
calibration dummy (RP), the X-ray machine (10) and the
X-ray calibration dummy (RP) being provided with mark-
ings (4, 33) that may be acquired by the position-acquisition
system (30), having the following method steps:

a) orienting the X-ray machine (10) and the X-ray cali-
bration dummy (RP) relative to one another such that a
coordinate system (O,) assigned to the X-ray calibra-
tion dummy (RP) at least largely coincides with coor-
dinate system (O;;) of a volume to be reconstructed of
a first object (P) to be X-rayed by the X-ray machine
(10) in a subsequent measurement on the object (P) or
such that the positions of both of the coordinate
systems, (Op and Oy;,) relative to one another are either
known or may be determined in a simple manner,

b) determining the position and orientation of the coor-
dinate system (Op) of the X-ray calibration dummy
(RP) or the coordinate system O, of the volume to be

reconstructed and of a coordinate system (Op) assigned
to the X-ray machine (10) and

¢) determining the transformation relationship between
the coordinate system (Op) of the X-ray machine (10)
and the coordinate system (O ) of the X-ray calibration
dummy (RP) or the coordinate system (Oy) of the
volume to be reconstructed.

S. The method as claimed i1n claim 4, in which the
markings, 4, that may be acquired by the position-
acquisition system (30) are arranged on a marker plate (5,
33, 35) attached to the X-ray calibration dummy (RP), to the
X-ray machine (10) and/or to the positioning mechanism
(18) respectively.

6. The method as claimed 1n claim 4, 1n which the position
of a second object (40) to be navigated relative to the first
object (P) 1s acquired by the position-acquisition system
(30).

7. The method as claimed in claim 5, 1n which a posi-
tioning mechanism (18) for positioning the first object (P)
that has markings (35) that may be acquired by the position-
acquisition system (30), the position of the positioning
mechanism (18) being acquired by the position-acquisition
system, 30, and a transformation relationship between a
coordinate system (O, ) assigned to the positioning mecha-
nism (18) and the coordinate system (Op) of the X-ray
calibration dummy (RP) or the coordinate system (Oy;) of
the volume to be reconstructed 1s determined.

8. The method as claimed 1n claim 5, 1n which the first
object (P) is provided with markings (36) that may be
acquired by the position-acquisition system (30) the position
of the first object (P) being acquired by the position-
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acquisition system (30) and a transformation relationship
between a coordinate system (O,,) assigned to the first object
(P) and the coordinate system (Oy,) of the volume to be
reconstructed 1s determined.

9. The method as claimed 1n claim 5, 1n which, 1n addition
to the markings (4) that may be acquired by the position-
acquisition system (30) the X-ray calibration dummy (RP)
also has markings (3) that will appear on X-ray images, an
offline determination of the projection geometries of the
X-ray machine (10) employed for reconstructing a volumnar
record of the first object (P) from recorded 2D-projections of
the first object (P) also taking place.

10. The method as claimed in claim 9, in which the X-ray
calibration dummy (RP) has a cylindrical shape, the mark-
ings (3) that will appear on X-ray images being arranged in
the form of a helix extending around the lateral surface (2)
and at least one of the ends (1) being provided with markings
(4) that may be acquired by the position-acquisition system

30).
( 1)1. The method as claimed 1n claim 4, 1n which the X-ray

machine is an adjustable C-shaped X-ray machine (10).
12. The method as claimed 1n claim 11, 1n which the

C-shaped arc (17) of the C-shaped X-ray machine (10) is
1socentrically adjustable.
13. A medical system comprising:

a position-acquisition system (30), an adjustable
C-shaped X-ray machine (10), and an X-ray calibration
dummy (RP),

the X-ray calibration dummy (RP) having first markings
(3) that will appear on X-ray images,

the X-ray machine (10) and the X-ray calibration dummy
(RP) being provided with second markings (4) that may
be acquired by the position-acquisition system (30),

the X-ray machine (10) and the X-ray calibration dummy
(RP) being orientable relative to one another in a
calibration operation such that a transformation rela-
tionship between a coordinate system (O,) inscribed on
the X-ray calibration dummy (RP) or a coordinate
system (O, ) of a volume to be reconstructed of an
object (P) to be X-rayed by the X-ray machine (10) in
a subsequent measurement on the object (P) and a
coordinate system (Op) assigned to the X-ray machine
(10) may be determined with the aid of the position-
acquisition system (30),

wherein the X-ray calibration dummy (RP) has a cylin-
drical shape, the first markings (3) being arranged in the
form of a helix extending around a lateral surface (2) of
the cylindrical shape and at least one of end (1) of the
cylindrical shape having the second markings (4).

14. The medical system as claimed 1n claim 13, 1n which
the C-shaped arc (17) of the X-ray machine (10) is isocen-
trically adjustable.

15. The medical system as claimed 1n claim 13 having a
positioning mechanism (18) for positioning the object (P)
which positioning mechanism 1s provided with third mark-
ings (35) that may be acquired by the position-acquisition
system (30) such that the position of the positioning mecha-
nism (18) may be acquired by the position-acquisition
system (30).

16. The medical system as claimed 1n claim 13, in which
the second markings are arranged on a marker plate (5, 33,
35) attached to the at least one end of the X-ray calibration
dummy (RP).
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